Three new species of Biatoropsis are formally described based on our previous molecular studies, and on additional molecular, morphological, and ecological data. Biatoropsis protousneae sp. nov. is confined to Protousnea dusenii. Biatoropsis minuta sp. nov. is characterized by the small and brown to black basidiomatal galls, and by growing on Usnea barbata and U. lapponica. Biatoropsis hafellneri sp. nov. is distinguished by 2-celled basidia with cells that elongate laterally at maturity, and by growing on species of the Usnea fragilescens aggregate. A fourth Biatoropsis species is left unnamed, and two other lineages are not described, all waiting for the study of additional material. 
Introduction
Lichen-inhabiting fungi are common within the Tremellales (Diederich 1986 , 1996 , 2003 , 2007 , Diederich & Marson 1988 , Sérusiaux et al. 2003 , Zamora et al. 2011 , 2016 , Millanes et al. 2012 , 2014a , Diederich et al. 2014 , Ariyawansa et al. 2015 . Among them, the monotypic genus Biatoropsis is probably one of the most common and widespread lichenicolous taxa, growing on different hosts of the genera Usnea and Protousnea. Biatoropsis usnearum was first described as an ascomycete by Räsänen (1934) , but it was later revealed as a basidiomycete with auricularioid basidia (Diederich 1990 , Diederich & Christiansen 1994 . Millanes et al. (2011) confirmed its placement within the Tremellales using molecular methods. As many other taxa in the group, Biatoropsis induces the formation of galls on the host thallus, which, in the case of this genus, show a remarkable variation in morphology. This led Diederich & Christiansen (1994) to suggest that B. usnearum could in reality represent several species. Millanes et al. (2014b) proved later, based on several lines of evidence and using a multigene approach, the existence of several independently evolving lineages within the genus. The purpose of this manuscript is to formally describe three new species within the Biatoropsis usnearum species complex, based on a combination of molecular, morphological and ecological data. The presence of additional lineages in the complex, which we refrain from formally describing at this moment, is also discussed.
Material and Methods

Morphological studies
Herbarium specimens are deposited in ASU, GZU, H, MA-Fungi, MAF-Lich, O, S, SEY, UBC and UPS, and in the private collections of F. Berger and P. Diederich. External morphology of herbarium specimens was examined and measured using an Olympus SZX16 or a Leica MZ 7.5 dissecting microscope. Macroscopic photographs were either taken using an OlympusDP11 camera on an Olympus SZX16 dissecting microscope, or using a Canon 40D camera with a Canon MP-E 65 macro lens or a Nikon BD Plan 10× microscope objective, StackShot (Cognisys) and Helicon Focus (HeliconSoft) for increasing the depth of field. Microscopical structures were studied using hand-cut sections stained with phloxine (1 % in water) after pretreatment with KOH (5 %), following the methods of Diederich (1996) , and observed with an Olympus CX40 microscope or a Leica DMLB. Drawings were performed by direct observation. Microscopic photographs were prepared using an Olympus BX53 microscope fitted with differential interference contrast (DIC), and an Olympus DP11 camera; or a Leica DMLB microscope with DIC, using a Leica EC3 camera, and Helicon Focus. The apiculus was not included in basidiospore measurements. Basidiospore length/width ratio is expressed as Q. Sizes in parentheses represent minimum and maximum observed values.
Molecular studies
Choice of additional taxa and outgroup: In addition to 38 Biatoropsis specimens studied in Millanes et al. (2014b) , 29 additional specimens were included in the molecular study (Table 1) . Tremella cetrariicola was used as outgroup.
DNA extraction and amplification: DNA was extracted directly from the specimens examined (Table 1) . Three to ten basidiomata were selected from each specimen for DNA extraction. Total DNA was extracted using the Qiagen DNeasy Plant MiniKit, according to the manufacturer's instructions, but using 50 μl of water in each of the last two steps of final elution.
For PCR amplification, the primers ITS1F (Gardes & Bruns 1993) and BasidLSU3-3 (Millanes et al. 2011) were used to amplify the internal transcribed spacer I, the 5.8 rDNA gene, the internal transcribed spacer II and a fragment of c. 400 bp in the nuLSU rDNA gene. PCR amplifications were performed using Illustra™ Hot Start PCR beads, according to the manufacturer's instructions, with the following settings: we used initial denaturing at 95 °C for 3 min, four cycles (95 °C for 40 s, 53 °C for 40 s and 72 °C for 90 s), four cycles (95 °C for 30 s, 50 °C for 30 s and 72 °C for 90 s), and finally 32 cycles (95 °C for 30 s, 47 °C for 30 s and 72 °C for 90 s) with a final extension at 72 °C for 480 s.
The PCR-products were sequenced using the DYEnamic ET terminator cycle sequencing kit (Amersham Biosciences, Freiburg, Germany), with the following settings: 25 cycles (95 °C for 20 s, 50 °C for 15 s, and 60 °C for 60 s). Post-reaction clean-up was carried out following DYEnamic ET terminator cycle sequencing kit protocols (Amersham Biosciences). The purified samples were run on an automated sequencer (ABI Prism 377) located in the Molecular Systematic Laboratory at the Swedish Museum of Natural History, or on an automated sequencer (ABI Prism 3100-Avant) in the Genomic Unit at Rey Juan Carlos University (Madrid).
Sequence alignment and phylogenetic analyses: Sequences were aligned using the Q-INS-i algorithm (Katoh & Toh 2008a) of the multiple sequence alignment software MAFFT version 6.611 (Katoh et al. 2002 , Katoh & Toh 2008b . Ambiguous regions were identified and eliminated with Gblocks version 0.91b (Castresana 2000) . Bayesian analyses were performed by Markov chain Monte Carlo (MCMC) sampling as implemented in the software MrBayes 3.2.4 (Ronquist et al. 2012) . We selected the substitution model using the Akaike Information Criterion (AIC) as implemented in jModeltest (Guindon & Gascuel 2003 , Posada 2008 . We used full likelihood optimization, six discrete gamma categories, and selected only among the 24 models implemented in MrBayes, and a SYM+Γ model was selected. Maximum likelihood analyses were performed in RAxMLGUI 1.3 (Silvestro &Michalak 2012), a graphical front-end for RAxML (Stamatakis 2006) , using the GTRGAMMAI model of nucleotide substitution applied to all partitions. We performed a thorough ML search and assessed node support by thorough bootstrap using 1000 bootstrap pseudoreplicates.
Results and Discussion
We generated 29 new sequences including the ITS and a fragment of ca. 400 pb in the nuLSU. Only the sequenced fragments corresponding to the ITS were used in the alignment, together with ITS sequences already available in GenBank (Table 1) . We excluded the fragment corresponding to the nuLSU, because the quality of this portion was not good in some of the newly generated sequences. In this way we produced a homogeneous data matrix, including 408 characters and no missing data. The best tree obtained from the ML analysis had a lnlikelihood value of -2684.4092. The Bayesian analysis halted after 3,700,000 generations, at which time the average standard deviation of split frequencies across runs was 0.0098, which indicates that the three runs had converged (< 0.01). A majority-rule consensus tree was constructed from the 18,500 trees of the stationary tree sample. Since the topologies of the ML and the Bayesian trees were congruent, only the best tree of the ML analysis is shown in Fig. 1 .
The phylogenetic analyses recover six monophyletic lineages, coinciding with the clades A2, B, C, D, E and F, already distinguished by Millanes et al. (2014b) (Fig. 1 ). From these, three new species corresponding to clades A2, B and D, are formally described below (Figs 2-7). Clade F is not formally described, and left unnamed, since we have not been able to study enough material to identify characters, other than molecular data, that allow distinguishing it from other species. However, the main morphological and ecological characteristics observed so far are summarized and discussed also below (Fig. 10) . Clade E is based on a single specimen and we refrain from describing this as a species until more material can be studied. In addition, group A1 (Millanes et al. 2014b ) is not supported, and was revealed to comprise several lineages, which probably represent several species. Therefore, the taxonomic treatment of group A1 is also postponed until additional available material and sequence data will allow a detailed study and the identification of supported independent evolving lineages. An identification key is therefore not presented at the moment, and will be prepared at a later stage, when it is possible to include the currently undescribed species that belong in the complex. Etymology: It is with great pleasure that we dedicate the new species to Prof. Josef Hafellner (Austria), in recognition and gratitude to his contributions to lichenology in general, and to the study of lichenicolous fungi in particular.
The species
Biatoropsis hafellneri
Description: Basidiomata inducing the formation of galls that are initially regularly convex to subglobose, later constricted at the base, sometimes with a central depression and/or tuberculate when mature, very pale to orangish, occasionally brown, waxy gelatinous when wet 0.1-1.3 mm diam. Galls often developing on broken fibrils. Context hyphae thin-walled, 2-3 µm diam., clamp connections occasionally present. Haustorial branches frequent, mother cell spherical to subspherical, (2-)3 -4 × 3 -4(-5) µm, haustorial filament 1 µm diam., up to 5 µm long. Hymenium hyaline, containing numerous probasidia, probasidial initials clavate, often developing from a basal clamp, which is not observed in mature basidia. Basidia, when mature, 2-celled (exceptionally 3-celled), with one transverse septum 20 -46 × 4 -8 µm, the two cells laterally much elongate at maturity, sometimes giving the appearance of two immature independent basidia, individual basidial cells up to 40 µm long, 4 -8 µm wide. Basidiospores globose to subglobose, 5 -8.5 × 5 -9 µm, Q = 0.7-1, with a distinct apiculus, c. 1 µm diam. Conidia catenulate, hyaline, individual cells 3 -8 × 3 -5 µm.
Ecology and host:
The species grows on the thallus of species of the Usnea fragilescens aggregate (Clerc 1987) , most frequently on U. cornuta. It occurs in oceanic and humid forests where the hosts are present, usually on trees but also on acidic rocks. 
Distribution:
Known from the Azores, the Canary Islands, France, Madeira, Norway, Spain, and the U.K. Millanes et al. (2014b) using multigene analyses, and recovered also in this study (Fig. 1) . This is the only Biatoropsis species known so far with a very characteristic basidium morphology, consisting of two cells that elongate laterally before the formation of epibasidia. Similar basidia are found in Tremella christiansenii, T. diederichiana and T. hypocenomycis, although none of these species grow on Usnea. Tremella christiansenii differs also from the new species in the darker basidiomata, and the size of basidia and basidiospores. Tremella diederichiana has 2-or 4-celled basidia with longitudinal septa, and much bigger basidiospores. The basidiomata of Tremella hypocenomycis are blackish, do not induce the formation of galls, and this species has smaller basidia and basidiospores. Biatoropsis hafellneri is closely related to Biatoropsis usnearum (Fig. 1 ) from which it is clearly distinguished by the basidium morphology (four celled basidia in B. usnearum) and the host selection. Moreover, although it is not constant in all samples studied, the basidiomata of B. hafellneri have a marked tendency to develop on decorticated areas remaining after fibrils of the host have broken (Fig. 3C-D) , the galls induced are usually smaller, and its inner part appears to be formed by white host hyphae only. Etymology: In reference to the size of the induced galls, always smaller than 1 mm.
Notes: Biatoropsis hafellneri corresponds to lineage D distinguished by
Description: Basidiomata inducing the formation of convex, basally constricted galls, sometimes with a central depression when mature, waxy gelatinous when wet, brown to dark brown or black, 0.1-0.8 mm diam. Context hyphae thin-walled, 2-3 µm diam., clamp connections not observed. Haustorial branches frequent, mother cell spherical to subspherical, (2-)3 -4 × 3 -4 µm, haustorial filament 1 µm diam., up to 15 µm long. Hymenium hyaline, containing numerous probasidia; proba- 
Ecology and hosts: Known only from two closely related species of Usnea, U. barbata and U. lapponica (thallus).
Distribution: Known from Canada, India, Spain, Sweden, Norway, and the U.S.A. Millanes et al. (2014b) , and obtained also in this study (Fig. 1) . The phylogenetic position of this clade within the whole Biatoropsis usnearum complex is not supported, although the topology recovered place the new species closely related to B. protousneae and group 'A1', and not closely related to other Biatoropsis species. It is a very widespread taxon, clearly distinguished from other known Biatoropsis species by the morphology of the induced galls, which are always smaller than 1 mm and constantly brown or dark. This colour is due to inner pigments, and not to the presence of hyperparasites intermixed with Biatoropsis. There 
Notes: Biatoropsis minuta corresponds to clade 'B' distinguished by
Etymology: In reference to the host, Protousnea dusenii.
Description: Basidiomata inducing the formation of convex, basally constricted galls, tuberculate and often with a central depression when mature, waxy gelatinous when wet, pale to light brown, dark brown, or black, 0.1-2.4 mm diam. Context hyphae thin-walled, 2-3 µm diam., clamp connections not observed. Haustorial branches frequent, mother cell spherical to subspherical, 3 -4 × 3 -5 µm, haustorial filament 1 µm diam., up to 14 µm long. Hymenium hyaline, containing numerous probasidia, probasidial initials clavate, proliferations occurring from a basal hypha. Basidia, when mature, 4-celled, with three transverse septa, often constricted at the septa, the lower cell with an attenuated stalk-like base, often longer than the upper cells, 22-60 × 4 -10 µm (incl. stalk-like base, excl. epibasidia), lower part of the stalk-like base 2-4 µm diam., epibasidia frequent, 2-4 µm wide, up to 45 µm long. Basidiospores globose to subglobose, 5 -8 × 5 -9 µm, Q = 0.7-1.3, with a distinct apiculus, c. 1 µm diam. Conidia catenulate, hyaline, individual cells 3 -7 × 3 -6 µm.
Ecology and host: Lichenicolous on Protousnea dusenii (thallus).
Distribution: Known from Argentina and Chile.
Notes: This species corresponds to clade A2 distinguished by Millanes et al. (2014b) using multigene analyses, and obtained also in this study (Fig 1) . The species is micro-and macromorphologically similar to samples belonging to group A1, to which it is phylogenetically closely related. Biatoropsis protousneae is, however, distinguished from that taxon by its host selection. The species can also be confused with Biatoropsis usnearum s. str. except for the distinct host. The brown colour of the basidiomata of B. protousneae seems to be due to inner pigments, and not to the presence of hyperparasites, as it is often the case in B. usnearum. However, these two circumstances (presence or absence of hyperparasites in brown galls) have been observed in both species and the character is therefore not suitable for distinguishing them. Orange galls have not been found in B. protousneae. Description: Basidiomata extremely variable in form, size and colour, generally subspherical and convex with a constricted base, often with lobate margins, sometimes flattened or with a concave central part, rarely effuse and covering larger areas around the branches of the host, surface smooth, rarely tuberculate, cartilaginous, pale pinkish, reddish brown, dark brown or black, 0.2-3 mm diam.
Additional specimens examined (all on
Context hyphae 2-3 µm wide, mostly uniform, walls not markedly thickened, clamps not observed. Haustorial branches frequent, mother cell subspherical or sometimes elongate, 2.5 -5 µm diam., haustorial filament 0.5 -1 µm thick, up to 11 µm long. Hymenium containing numerous probasidia, developing from a basal clamp that is not observed in mature basidia. Basidia, when mature, clavate to subcylindrical, 4-celled, with 3 transverse septa, 20 -44 × 3-6.5 µm, epibasidia 2-3 µm thick, up to 85 µm long. Basidiospores subglobose to ellipsoid, 4.5 -8 × 4 -7.5 µm, with a distinct apiculus. Conidia catenulate, hyaline, individual cells 3 -5 × 2-3.5 µm. 
Ecology and hosts:
Lichenicolous on the thallus of Usnea hosts (neither on Protousnea nor on the subgenus Neuropogon), including U. flavocardia, U. florida/subfloridana, U. fragilescens, U. glabrescens, U. cf. krogiana and U. macaronesica. The European specimens (excluding Macaronesia) appear to grow exclusively on hosts of the U. florida/subfloridana group. Samples from other geographical regions are however more diverse regarding host selection, and we expect many more host species to occur when more non-European specimens have been sequenced.
Distribution:
Known from Austria, the Azores, Canada, the Canary Islands, Madeira, Sweden, and the U.K. 
Notes:
The description above refers to Biatoropsis usnearum s. str. and is based on the descriptions by Diederich & Christiansen (1994) and Diederich (1996) , with a few modifications based on recently studied material, and on the exclusion of the newly described species. The circumscription of Biatoropsis usnearum s. str. will still need to be modified in the future when there is a better knowledge of the whole species complex. It is remarkable that both Biatoropsis hafellneri and Biatoropsis usnearum s. str., which are closely related to each other, share the presence of a basal clamp at the base of young basidia. This character had previously been overlooked in Biatoropsis and should be carefully checked in future morphological studies. Biatoropsis sp. F (Fig. 10) Description: Basidiomata inducing the formation of convex, basally constricted galls, sometimes tuberculate with a central depression when mature, waxy gelatinous when wet, pale brown to dark brown or black, often with a reddish tinge, sometimes bright orange, 0.18 -2.2 mm diam. Context hyphae thin-walled, 2-3 µm diam. clamp connections not observed. Haustorial branches frequent, mother cell spherical to subspherical, (2-)3 -4 × 2-3 µm, haustorial filament 1 µm diam., up to 10 µm long. Hymenium hyaline, containing numerous probasidia; probasidial initials clavate, occasionally with a basal clamp. Basidia, when mature, 4-celled, with three transverse septa, often constricted at the septa, the lower cell with an attenuated stalk-like base, often longer than the upper cells, 21-72 × 4 -10 µm (incl. stalk-like base, excl. epibasidia), lower part of the stalk-like base 2-4 µm diam. Basidiospores globose to subglobose, (4 -)5 -8 × (5.5 -)6 -9(-11) µm, Q = 0.6 -1, with a distinct apiculus, c. 1 µm diam. Asexual morph: Catenulate hyaline conidia, individual conidia 2-6 × 2-4 µm.
Ecology and hosts:
Lichenicolous on Usnea spp., including U. ceratina, U. exasperata s. l., U. hirta and U. rubicunda (thallus).
Distribution:
Known from France, New Zealand, Papua New Guinea, Seychelles, and the U.S.A.
Notes:
This species corresponds to clade 'F' distinguished by Millanes et al. (2014b) using multigene analyses, which is also recovered in this study (Fig. 1) . Although Biatoropsis sp. F clearly constitu- tes an independent evolving lineage based on our molecular results, we have not been able to identify any morphological or ecological characters that could clearly distinguish specimens in this clade from Biatoropsis usnearum s. str. We thus wait with the formal description of this taxon, until more material allow us to get a better understanding of its morphology and ecology. 
